A method to calculate particle fluxes applicable in most of the spectroscopy techniques is described. Flux intensities of backscattered or absorbed electrons and emitted photons are calculated using a method of convergence to solve the Invariant Embedding equations that are used to describe the particle trajectories inside a solid sample. Our results are found to be helpful to carry out a procedure for quantitative characterization using instrument such as Electron Probe Microanalysis or other probes. Examples of application to calculate the composition of ternary alloys are given and are compared with the same calculations using another procedure.
I. INTRODUCTION
In most of the spectroscopy techniques, the signals produced by the different probes must be recorded and interpreted considering the different kinds of interactions between particles during its trajectory through an analyzed sample. This procedure involves hard calculations of fluxes of particles like electrons and/or photons, neutrons, protons etc. These fluxes must be obtained solving a transport problem where some particles produce other particles:
as an example, electrons transport could produce electrons, photons or both of them as a consequence of their interactions with matter. The transport problem, in the spectroscopy area, is usually solved using Monte Carlo Calculation [1] [2] [3] [4] or numerical solutions of the the time-independent Boltzmann transport equation. Although considerably advances were made in the subject, most of the methods used in the practice have an empirical or semi empirical origin [5] [6] [7] [8] [9] [10] .
The quantitative determination of the unknown chemical composition of a material is an essential goal for its characterization. Among the spectroscopy techniques, the most used by researchers in materials science for compositional determinations is the Electron Probe Microanalysis (EPMA). EPMA is based on the detection of the characteristic X-rays emitted from a solid sample when a beam of electrons impinges on its surface with energies that typically vary between 2 and 50 keV. This instrument combines the capabilities of both the scanning electron microscope and an X-ray fluorescence spectrometer. The electrons of the beam are scattered as they penetrate within the sample producing backscattered electrons, secondary electrons, absorbed electrons and characteristic and continuum X-rays spectra.
Quantitative microanalysis in EPMA is performed by comparing the characteristic X-ray intensity from one element in the sample with that from a reference standard containing a known amount of the same element, by means of the so called the K ratio,
Where I and I p are the intensities of the characteristic X-rays emitted from the analyzed sample and that from a standard. [2, 11, 12] . The K ratio could be transformed into the mass concentration of the element of interest taking into account some correction factors due to processes undergone by the characteristic X-ray and by the electrons of the beam inside the sample. These processes involve scattering dynamics related to the sizes of the different atomic nuclei present in the sample and the standard, absorption, fluorescence.
The respective correction factors arising from each of these processes are called Z,A and F in the literature [2] . Then, the atomic fractions of the elements are obtained using the following expression:
Where C and C p are the atomic fractions of the element of interest in the sample and in the standard.
The most common procedures to estimate the corrections are the so called Matrix Correction which are based on the calculation of the X-ray production as a function of the sample depth, ϕ(ρz) to estimate both the absorption and the atomic number corrections [2, 13, 14] . Most of the analytical expressions for the ϕ(ρz) functions used in commercial software packages are obtained from ad hoc models. Also the expressions for the ϕ(ρz)
function and for the backscattering electron coefficients are consider as unrelated [15] . On the other side, in the literature there are theoretical models based on Boltzmann's transport equation to describe the phenomenon and to interpret the signals in EPMA [16, 17] .
Although, this procedure has the disadvantage that there are solutions only for the one dimension problem, and little progress has been made on the 2-D or 3-D cases. Therefore this has a reduced practical application. Monte Carlo calculations is still the most worthwhile method of approaching theoretical problems in EPMA [5, 12, 18, 19] . However, depending on the accuracy or resolution required, running times can be computationally expensive.
In the last two decades a few authors demonstrated the efficiency of the Invariant Embedding (IE) method to describe the scattering of electrons inside a solid sample [20] [21] [22] [23] [24] [25] [26] [27] .
This method is useful to estimate the flux of particles through the interfaces in a material medium as a function of experimental parameters and the detected signals. It is, the IE method avoids calculations of fluxes inside the analyzed samples, thus gaining calculation advantages, and yields a set of equations for the detected fluxes as a function of the size of the analyzed sample. This set can be solved as an initial-value problem. Particularly, the backscattering problem was successfully solved by different authors using IE method [22, 28] . However, a procedure based on IE, useful for the experimentalist to perform chemical characterization, is still lacking.
In this article we focus on the calculation of the chemical compositions of a materials by using the experimental K ratios and theoretical X-ray intensities obtained with IE. Although the IE method is a powerful tool in order to simplify the transport equations, in 
II. THEORETICAL MODEL
The states ladder model and MC were are described in previous reports [25] . Basically, after impinging with energy E0, electrons can suffer two kinds of interactions: elastic or inelastic. Elastic collisions only cause deviations while inelastic ones only produce energy losses. Based on the assumption that it is allowed only one kind of inelastic collision with a constant energy loss of value ∆E, a discrete set of possible values is generated: E1, E2, E3 and E4, for a five level system. For energies E < E4, electrons are deactivated. Characteristic radiation can be generated exclusively by the inelastic collisions. Contributions I01, I02, I03, I04 to the total intensity are made by electrons backscattered with E1, E2, E3 and E4, while contribution I4 corresponds to the absorbed electrons. All these intensities can be calculated with the IE method. This method starts with the deduction of the integrodifferential equation for each contribution to the intensity, whose derivation variable is the thickness τ of the sample. In the case of I α 0 ,β 1 , the intensity contribution for the electrons that impinge with E0 and α 0 and are backscattered with E1 and β 1 , the following equation is obtained:
Were the simplified notationα j = cos(α j ) andβ j = cos(β j ) is used for the incident and emerging director cosines of the polar angles of the electrons, measured with respect to the normal of the the sample surface. The index j = 0, 1, .. labels the energy states values,σ j and s j are the elastic and inelastic cross sections,respectively; ϕ, ǫ and δ are the scattering angles due to single interactions inside the sample, and g j is the electrons efficiency of X-ray production per collision.
Using the MC it is possible to obtain two approximate solutions for the last equation: the complete form, i.e., the formal solution, and the simple form, used initially as an auxiliary expression to solve the equations of the lower levels. These approximate solutions tend to an exact solution for τ → ∞.The simple form is:
Where
In order to study the applicability range of the solutions, chemical composition calculations made with the simple and the complete expressions are presented. The factor of generation gj it calculated starting from Bethe's expression for L k lines, and an energy level E j , for the ionized element in the compound:
Where k is the partial density , A k is the atomic number and m is the mass of the electron. 
III. CHARACTERISTIC INTENSITIES. SIMPLE EXPRESSIONS.
We proceed to calculate I01, I02, I03, I04 and I4 in order to obtain I = i I0i
The simple expressions for the Intensities are:
where They were thermally treated to 950C for 2900 hours. Where the super index "c" it refer to "complete".
Let us now substitute B1 = κ 0 g 0 λs 0 at [A4] and a simple expression of I01 is written as:
Where the super index s it refer to simple. In order to determine κ 0 we use the equality: 
